The effects of laryngeal mask airway (LMA) insertion and cuff inflation on lower oesophageal sphincter, gastric and barrier pressure, and the relationship of the LMA cuff pressure and volume on the change in the barrier pressure were studied in 20 children. Subjects were aged one to five years, undergoing eye examination under general anaesthesia. There was no significant change in barrier pressure after insertion and inflation of the LMA compared with baseline measures. The cuff pressure and volume were not related to the change in barrier pressure. Two patients had marked decreases (10 to 15 mmHg) in barrier pressure after the LMA insertion. These decreases in barrier pressure would be expected to increase the risk of gastro-oesophageal reflux. We conclude that, although LMA use had little effect on barrier pressure in most children, occasional children will have potentially clinically significant decreases in barrier pressure with use of the LMA.
Since the laryngeal mask airway (LMA) was introduced into clinical practice by Brain in 1983 1 , it has become widely used as an alternative to the facemask or tracheal tube for airway management during general anaesthesia in adult and paediatric patients. Studies in adults have shown that the incidence of gastro-oesophageal reflux may be increased with use of the LMA compared with the facemask [8] [9] [10] or tracheal tube 11 . There have also been some case reports of regurgitation and aspiration [2] [3] [4] [5] [6] [7] occurring with LMA use. The mechanism whereby the LMA may predispose to gastro-oesophageal reflux is unclear. Rabey et al 12 studied barrier pressure (the difference between intragastric pressure and lower oesophageal sphincter pressure) in adult patients and found that the LMA was associated with a reduction of mean barrier pressure in contrast to an increase in the face-mask group. Our hypothesis, which had not been studied in children, was that the distension of the pharynx by the LMA results in reflex relaxation of the lower oesophageal sphincter.
The aims of our study were to determine the change in barrier pressure in relation to LMA insertion and cuff inflation and to assess the relationship of the LMA cuff pressure and volume on the change in barrier pressure in children.
PATIENTS AND METHODS
Twenty-five patients undergoing elective eye examination under general anaesthesia were studied after obtaining approval from the Royal Children's Hospital Ethics in Human Research Committee and informed written consent. Inclusion criteria were ASA class 1 or 2, and age one to five years. No patients were excluded on predetermined criteria which included obesity ( 25% over average weight for height), current medication known to affect the lower oesophageal sphincter, and any history of gastrooesophageal reflux, upper abdominal surgery, hiatus hernia, oesophageal disease or peptic ulcer. Five patients were excluded because of technical problems leading to incomplete results. All patients were unpremedicated. Anaesthesia was induced either intravenously (thiopentone 5 to 7 mg/kg) or by inhalation (halothane) and initially maintained via a facemask with halothane and nitrous oxide in oxygen.
The manometry catheter was passed nasally into the stomach by the gastroenterologist (AGC-S). Lower oesophageal sphincter pressure was measured using a multilumen silicone manometry catheter with a Dent sleeve. The catheter has a 4.5 mm external diameter with seven sideholes and a distal sleeve (Dentsleeve Pty Ltd, Adelaide, S.A.). The catheter was perfused with degassed sterile water and pressure measured using a multichannel recorder (Neomedix Aquata System, Sydney, N.S.W.).
The manometry catheter was passed nasally and positioned with the distal sidehole in the stomach, the sleeve spanning the lower oesophageal sphincter and the proximal sideholes in the oesophagus. Accurate positioning of the sleeve was confirmed by typical gastric and oesophageal pressure tracings obtained from the sideholes at either end of the sleeve.
The lower oesophageal sphincter and gastric pressures were continuously measured and recorded. After baseline measurements, an appropriate size LMA [#1.5 up to 12 kg (three patients) or #2 (17 patients)] with the cuff deflated was inserted and the anaesthesia circuit was connected. The LMA cuff was opened through a three-way tap to atmospheric pressure. It was then inflated with 3 ml of air followed by deflation in 1 ml decrements. This volume produced reasonable filling with intra-cuff pressures about 35 to 40 mmHg. Doubling the volume inserted doubles intra-cuff pressure with less effect on cuff volume. The LMA cuff pressure was measured by a pressure transducer connected to the inflation port at each phase of cuff inflation and deflation. The lower oesophageal sphincter and gastric pressures were obtained after stabilization of the tracing. Barrier pressure was derived by subtracting mean intragastric from mean lower oesophageal sphincter pressure.
Statistical Analysis
Results are presented as mean and standard deviation. The changes in barrier pressure from baseline to after insertion of the LMA and after cuff inflation are presented as 95% confidence intervals (CI) for mean differences and assessed by the paired t-test. A regression line was fitted to relate barrier pressure to cuff pressure (at 3 ml, 2 ml, 1 ml and 0 ml of volume) for each individual. The regression lines were summarized by calculating the mean gradient to assess whether there was a statistically significant relationship between barrier pressure and cuff pressure 13 . The same procedure was used to examine the rela-tionship between cuff volume and barrier pressure. A P value less than 0.05 was considered significant.
RESULTS
Twenty patients were studied. Demographic data and induction technique are shown in Table 1 . The mean barrier pressures at baseline, after insertion of the LMA and after cuff inflation are shown in Table 2 .
The changes in LOS barrier pressure for the 20 patients are shown in Figure 1 . The average change in mean barrier pressure with insertion of the LMA was 0.5 mmHg with 95% CI lying between 2.0 and 3.0 mmHg. After inflation of the LMA cuff with 3 ml of air, the average change in mean barrier pressure was 0.3 mmHg with 95% CI lying between -2.2 and +2.9 mmHg. Based on the regression line gradients (Figure 2 ), there was no relationship between barrier pressure and LMA cuff pressure (95% CI for the average gradient: -0.1 to +0.1 mmHg) or cuff volume (95% CI for the average gradient: -1.0 to +1.0 mmHg).
Two patients (2 and 3 in Figure 1 ) had a decrease in barrier pressure of 10 and 14 mmHg on insertion of the mask which decreased to a difference of 9 mmHg on cuff inflation. It was not apparent why these had a greater decrease in barrier pressure than others. Both had size 2 LMAs and one each had an inhalational or thiopentone induction.
DISCUSSION
It has been postulated that LMA insertion and cuff inflation may cause reflex lowering of lower oesophageal sphincter pressure. A previous study in adults showed a modest (2.7 mmHg) mean decrease in barrier pressure with insertion of the LMA but a large decrease in three patients 12 .
Our results in children show that two patients had marked barrier pressure decreases of 10 to 15 mmHg. This may be clinically important as changes of this magnitude may increase the risk of gastric regurgitation and aspiration pneumonia. There were no obvious causal reasons why these two patients differed from the others. Our department has reported to the Australian Incident Monitoring Survey 14 cases in seven years of clinical reflux and possible aspiration associated with LMA use but none of these cases had significant pulmonary complications. Our hypothesis that barrier pressure would decrease on insertion and inflation of a laryngeal mask was not supported by our results-our study did not demonstrate statistically significant changes in barrier pressure after insertion of the LMA and cuff inflation. The wide 95% confidence intervals could suggest that a larger sample size (n>35) would be required to improve the power of the test to detect statistical changes of barrier pressure with α= 0.05 and β= 0.20. There were, however, two cases where barrier pressure decreased by 10 mmHg or more. In clinical practice such deviation from the normal might increase the risk of regurgitation.
The relationship between volume used for cuff inflation and pressure generated in the cuff and pressure exerted on the pharyngeal mucosa are complex, and will vary with the fit of the LMA in different patients. In our separate study of four children, inflating the LMA cuff with 6 ml of air produced no changes in barrier pressure greater than 10 mmHg. When inflated with 3 ml, the size 2 LMA had cuff pressures of 24 to 45 mmHg and 50 to >80 mmHg with 6 ml. The pharyngeal mucosal pressure transmitted by the LMA increases with increasing cuff volume 14 . Reducing cuff pressure to the minimum required for an adequate seal has been shown to produce a significant reduction in sore throat in adults 15 . Nitrous oxide may rapidly diffuse into the air-filled cuff causing a rise in cuff pressure and volume if nitrous oxide anaesthesia is used [14] [15] [16] . These are all considerations when choosing an LMA inflation protocol in practice. We directly measured LMA cuff pressure and selected an inflation protocol that our pilot study suggested would produce adequate but not excessive LMA cuff pressures. Our measurements were taken over five minutes and do not appear to have been influenced by nitrius oxide diffusion in the cuff.
CONCLUSION
We have demonstrated that LMA use does not produce a consistent predictable change in lower oesophageal sphincter barrier pressure in young children. Occasional patients (two of 20 in this study) have a large decrease in the lower oesophageal sphincter barrier pressure with insertion of an LMA with an uninflated cuff. This may be clinically significant and increase the risk of regurgitation and aspiration.
